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Statistical Approach for Modelling of Dam Breach 
due to Overtopping 
JiĜí Hodák, Jan Jandora 
 
Flood and wind are possible events causing overtopping of dams. The paper is 
dealing with evaluation of probability of dam breach due to overtopping. 
Variables, such as initial water level, reservoir volume and spillway and bottom 
outlet capacity, are assumed as statistical variables. This statistical approach 
makes possible to include the influence of statistical random variables in the 
solution. Software is developed to estimate dam failure due to overtopping by 
means of the Latin Hypercube Sampling. A practical application of the proposed 
method is carried out in a case study (Koryčany dam). 
Keywords: overtopping, risk analysis, dam breach, Latin Hypercube Sampling 
 
1 Introduction 
The existence of dam systems is always connected with the risk of their failure. 
The critical dam failure generates a flood wave that propagates downstream 
the valley below the dam. The flood wave has usually disastrous consequences 
and causes damage both to human lives and financial losses, strongly exceeding 
the cost of the dam breached. 
The analysis of the earth and rockfill dam failures Jandora, Říha (2002) shows 
that most failures were caused by overtopping and by piping. Overtopping 
occurs when the water level of the reservoir behind the dam rises above the dam 
crest. It may result from failure to make timely and adequate releases of floods 
through the spillway and flood release outlets, wave action induced by wind, 
landslides, earthquakes, and other geophysical forces, and the combination 
of these effects. 
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2 Formulation of problem 
The problem of dam breach due to overtopping is formulated as initial 1D 
problem (shape of breach is trapezoid). Unknown functions are: 
H(t) - water surface level in reservoir measured from datum level; 
Z(t) - bottom level of the breach of the dam body measured from datum level; 
b(t) - width of the breach bottom; 
v(t) - cross-sectional (average) velocity of water in the breach. 
To solve these 4 unknown functions we have the following equations at 
disposal: equation that expresses immediate change of the volume of the 
reservoir as a function of inflow into reservoir Qin and outflow from reservoir Qs 
(spillway discharge), Qo (bottom outlet discharge) and Qb (breach discharge that 
is computed as overflow over the broad crested weir): 
(1) bosins QQQQtd
HdA −−−= , 
where As is the area of water surface in the reservoir. Remaining equations are 
state equations that express the relation between: 
- velocity v(t) and head over the dam [H(t) - Z(t)]: 
(2) 2
3/2
bt
3/2
b
b
b
Z)(HsZ)(Hb
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−+−== , 
- the rate of change of the bottom level of breach Z(t) and the velocity v(t): 
(3) 1β1 vα-td
Zd = , 
- the rate of change of the breach width b(t) and the velocity v(t): 
(4) 2β2 vαtd
bd = , 
where Mb and Mbt are the overflow discharge coefficients for rectangular and 
triangular weirs, Ab is the cross sectional area of the breach, s is the slope of the 
side of the breach, αi, βi are empirical coefficients indicating the effect 
of erosion of the flowing water. 
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Initial conditions are: 
H(t = 0) = H0; Z(t = 0) = Z0; b(t = 0) = b0; v(t = 0) = v0, 
where H0, Z0, b0 and v0 are known values. 
Euler method was selected for numerical integration of equations (1-4). 
3 Statistical modeling 
Due to uncertainties in the problem the problem was proposed as statistical. 
Statistical variables are initial water level in the reservoir H, area of water 
surface in the reservoir As, spillway discharge Qs, bottom outlet discharge Qb, 
initial width of the breach bottom b0 and empirical coefficients indicating the 
effect of erosion of the flowing water αi. 
Basic elements of the statistical modelling are: 
- deterministic model that describes the simulated process; 
- the method of Latin Hypercube Sampling that together with 
deterministic model allows the generation of sufficient number 
of pseudorandom states of the solved object and methods 
of mathematical statistics that enable to determine the required sample 
moments of the corresponding stochastic state variables. 
When solving problems of statistical modelling it is necessary to perform the 
following steps: 
1 to propose the mathematical model of the simulated process; 
2 to formulate the problem and prescribe initial conditions; 
3 to propose numerical method of approximate solution; 
4 to generate pseudorandom values of the corresponding stochastic 
parameters of the mathematical model using pseudorandom numbers in 
the interval (0,1) and corresponding distribution functions of the random 
variables of the mathematical model; 
5 to solve the pseudodeterministic problem; 
6 to set up the file of pseudorandom values of the stochastic state 
variables; 
7 to repeat the points 4-6 so long until the files of the calculated unknown 
stochastic state variables are set up; 
8 statistical analysis of the generated files. 
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Latin Hypercube Sampling LHS was developed as modification of the Monte-
Carlo method. The LHS method requires less number of simulations compared 
with the classic Monte-Carlo method. 
4 Characteristics of the Koryčany dam 
The Koryčany dam was built in the years 1955 to 1958 to supply supplying the 
population with drinking water. This valley dam is situated on the river 
Stupávka (Kyjovka) in the south-east of the Czech Republic about 30 km from 
the city of Brno. The basic hydrological data are as follows: 
- catchment area: 27.28 km2; 
- average discharge: 0.134 m3/s. 
- values of flood discharge QN are in Table 1 and Figure 1 shows a flood 
wave (VaV/510/3/97 1997). 
Table 1 Flood discharges 
Q1 Q10 Q50 Q100 Q500 Q1000 Q10000 
4.8 m3/s 16 m3/s 27 m3/s 33 m3/s 49 m3/s 58 m3/s 95 m3/s 
For the construction of the earth dam, colluvial loams and debris from reservoir 
area and quarry stone from the local sandstone quarry were used. The dam has 
a central impervious core of colluvial loams bonded into the substratum by 
a grout gallery concreted into Larsen sheet pile walls. The stabilization parts are 
of quarry stone and unsorted material. The filter consists of crushed sandstone 
from the local quarry (Figure 2). The volume of the dam is about 2,5mil. m3. 
The dam is of 20 m height. 
A water intake tower is situated in the reservoir. It is used for water discharge 
and také-off. The diameter of the bottom outlet is 0.8 m. The dam has got 
an uncontrolled spillweir on the right-hand bank. The spillway has been 
dimensioned for 26 m3/s. 
The wind wave height is about 0.87 m for extreme wind. 
The limit safety water level was defined on the level of 309.30 m a.s.l. The dam 
breach is started as soon as the limit water level is overtopped. 
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Figure 1: Flood wave (Q10000) - from (VaV/510/3/97) 
 
Figure 2: Cross section of the Korycany Dam 
5 Solution and results 
Statistical modelling of dam breach due to overtopping was applied to the 
Koryčany dam. Inflow hydrographs had peak discharges by Table 1. Accuracy 
of the peak discharges was considered ± 30%. Distribution of initial water level 
in the reservoir through 17 years is shown on Figure 1. The reservoir area-depth 
curve is on Figure 3. Spillway and bottom outlet discharge rating curves are on 
figures 5 and 4. Accuracy of the three curves was assumed ± 5%. Coefficients αi 
were determined according to Singh (2002) - αi = 0.005 to 0.008. The initial 
width of the breach was assumed from 1.0 to 5.0 m. 
Due to the uncertainty in statistical characteristics of the input variables uniform 
probability distribution of all statistical parameters. 
Results of probability of the Koryčany dam overtopping are on Figures 7 and 8 
and in Table 3. The histogram of the peak breach discharge (Qbmax) is shown on 
Figure 9. 
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Figure 3: Water level in the reservoir 
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Figure 4: Reservoir area-depth curve 
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Figure 5: Bottom outlet discharge rating curve 
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Figure 6: Spillway discharge rating curve 
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Figure 7: Probability (P) of overtopping of the Koryčany dam (only 
flood) depending on the peak of flood runoff and flood volume 
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Figure 8: Probability (P) of overtopping of the Koryčany dam (flood 
and wind) depending on the peak of flood runoff and flood volume 
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Figure 9: Histogram of the peak of breach discharge 
 
Wasserbauliche Mitteilungen (2004) Heft 27 
Institut für Wasserbau und THM der TU Dresden 
143
 
Table 2 Results of the overtopping probability of the Koryčany dam 
overtopping probability 
flood charakteristic 
only flood flood + wind 
Q = 124 m3/s 
(1.3 Q10000) 
V = 7.2 106 m3 100.0 % 100.0 % 
Q = 124 m3/s 
(1.3 Q10000) 
V = 5.5 106 m3 97.6 % 100.0 % 
Q = 124 m3/s 
(1.3 Q10000) 
V = 3.9 106 m3 71.5 % 99.2 % 
Q = 95 m3/s 
(Q10000) 
V = 7.2 106 m3 94.8 % 100.0 % 
Q = 95 m3/s 
(Q10000) 
V = 5.5 106 m3 58.8 % 100.0 % 
Q = 95 m3/s 
(Q10000) 
V = 3.9 106 m3 0.0 % 90.3 % 
Q = 67 m3/s 
(0.7 Q10000) 
V = 7.2 106 m3 0.0 % 71.5 % 
Q = 67 m3/s 
(0.7 Q10000) 
V = 5.5 106 m3 0.0 % 33.7 % 
Q = 67 m3/s 
(0.7 Q10000) 
V = 3.9 106 m3 0.0 % 0.6 % 
Q = 75 m3/s 
(1.3 Q1000) 
V = 4.4 106 m3 0.0 % 61.1 % 
Q = 75 m3/s 
(1.3 Q1000) 
V = 3.4 106 m3 0.0 % 14.4 % 
Q = 75 m3/s 
(1.3 Q1000) 
V = 2.4 106 m3 0.0 % 0.0 % 
Q = 58 m3/s 
(Q1000) 
Q = 4.4 106 m3 0.0 % 0.0 % 
Q = 58 m3/s 
(Q1000) 
Q = 3.4 106 m3 0.0 % 0.0 % 
Q = 49 m3/s 
(Q500) 
Q = 2.9 106 m3 0.0 % 0.0 % 
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6 Conclusion 
By applying the proposed method, it is possible to evaluate probability 
of overtopping as a function of flood characteristics (only peak of flood runoff 
and flood volume) and to estimate breach characteristics (peak of breach 
discharge, breach hydrograph, etc.). 
The Koryčany dam. It can be seen that the peak of inflow equal Q10000 makes 
dam overtopping and breached. Peak breach discharge can be estimated on 
the base of statistical modelling in ranges 2440 m3/s to 3650 m3/s. 
Next research will deal with other flood characteristics (time to peak, shape 
of flood hydrograph, etc.). 
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